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This report  provides comparisons of computer runs 
made on the TRW-AT85 and JPL ODP-L programs. The 
runs compared are:  
1) A nominal Lunar Orbiter trajectory in  
selenocentric and geocentric coordi- 
nates, and range and range rate data 
for visible stations computed from the 
trajectory.  
2) Normal matr ices  generated at one-half 
orbit and one orbit  for 28 variables. 
3) A four iteration differential correction 
using separately observations developed 
by TRW and LRC in combination with the 
two programs. The 2Svariable solution 
vector includes the state of Lunar Orbi ter ,  
lunar gravitational constant, and lunar 
potential coefficients through degree four. 
iii 
I .  COMPARISON OF TRAJECTORIES 
Thi? section l is ts  comparisons of a nominal Lunar Orbiter t r a -  
jectory obtained from computer runs on the TRW AT85 and JPL ODP-L 
programs.  
tive; LRC 2 was made with 530 negative to agree with the Goudas LI 
model. 
for  2200 minutes. Tables l a  and l b  compare the trajectories in seleno- 
centric and geocentric coordinates, respectively. There is good agree-  
ment between the TRW and LRC 2 runs. 
Two ODP-L runs a re  used: LRC I was made with J30 posi- 
Comparison trajectory points a r e  tabulated every 30 minutes 
Tables 2a, 2b, and 2c compare range and range rate data for 
stations 11, 41, and 42, respectively, a s  computed by TRW and LRC 
f rom the t ra jector ies .  All quantities a r e  in km and km/sec.  . 
The t ra jector ies  were integrated from the following initial 
conditions : 
X = 2324.1447 km DX = -. 57962222 km/sec 
Y = 90.669095 km DY = 1.3494068km/sec 
Z = 616.74111 km DZ = .37914168km/sec 
The Goudas II coefficients used for the lunar potential are:  
J20 = 2,048E-4 C44 = .017E-4 
530 = - . 9 8 E 4  S31 = . 2 l E 4  
J40 = -.48E-4 S41 = ,54E-4  
c 2 2  = .23E-4 S33 = .018E-4 
C32 = -. 15E-4 S43 = .O32E-4 
C42 = -. 14E-4 
The nominal vaIue of the lunar gravitational constant is taken as  
3 2 KM = 4902.5800 k m  / s ec  
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Trajectory C ompar ia on - Geocentric Coordinate B (Concluded) 
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2. COMPARISON OF 5 (NORMAL) MATRICES 
J matr icer ,  generated from a single data point by the TRW and 
ODP-L programs, a r e  compared at the output t imes of 1 11 min (about 
one-half orbit) and 421 min (about two orbits)  in  tables 3 and 4, 
re spec tively . 
The initial conditions a re  (in km and km/sec): 
X = 2329.1446 DX = 0,57462233 
Y = 95.669370 DY = 1.3544071 
Z = 621.74094 DZ = .3841451 
The force model used includes the following constants: 
520 C32 S4 1 
530 C42 s22 
540 c33 S32 
c2 1 c43 S42 
c3 1 c44 s33 
C4 1 s2 I s43 
c22 S3 1 s44 
Summary of results: 
Agreement is very good for the 111 min (half orbit) case. 
In the 421 min (two orbit) case,  there  is wide disagreement be- 
tween partials involving C43. 
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c 2 1  
C31 
C4 1 
c 2 2  
C32 
C42 
c 3 3  
c 4 3  








s 4 3  





-. 97232226 01 
-. 11325065 01 
.62400460 01 
-. 99752498 01 
-. 22347357 01 
.18149996 02 
-. 11257689 02 
.89287564 01 
-. 68201 128 01 
-. 22530985 02 
.94317955 01 
. 16500079 03 
-. 71 174274 01 
.13373442 02 
.92901278 01 
-. 21411806 02 
-. 23019009 02 
-. 11056624 02 
-. 94386747 02 
-. 45350671 02 






-. 97229631 01 
-. 11392035 01 
.62372990 01 
0.99809463 01 
-. 22389840 01 
. 18157180 02 
-. 11259663 02 
.a9608919 01 
-. 67865793 01 
-. 22471 140 02 
.95818048 01 
.16510504 03 
-. 71332832 01 
.13365470 02 
.93163561 01 
-. 21422035 02 
-. 23045973 02 
-. 11061 125 02 
-. 94392631 02 
-.45365143 02 






-. 24637448 01 
-. 28696320 00 
.15811508 01 
-. 25276054 01 
-.56625448 00 
,45989853 01 
-. 28525598 01 
.22624369 01 




-. 18034684 01 
,33886653 01 
.23540039 01 
-. 54254878 01 
-. 58327332 01 
-. 28016122 01 
-. 2391 6439 02 
-. 11491302 02 
-. 10680036 03 
.79481257 00 
-. 66695358-03 
-. 24623792 01 
-. 28850783 00 
.15796209 01 
-. 25277144 01 
-. 56703165 00 
.45983785 01 
-. 2851 5548 01 
.22693817 01 
-. 17187283 01 
-. 56909060 01 
.24266303 01 
.41813513 02 
-. 18065324 01 
.33848587 01 
.23594044 01 
-. 54252161 01 
-. 58364849 01 
-. 2801 2739 01 
-. 2390531 1 02 
-. 11488903 02 
-. 10676907 03 
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-. 14246065 02 
.88342960 01 
-. 70306872 01 
.53247284 01 
.17630784 02 
-. 75178534 01 
-. 12954089 03 
.55967512 01 
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.91290329 00 
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.20657335 01 
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-. 50300447 01 
-. 11268711 01 
.91521809 01 
-. 56767181 01 
.45023478 01 
-. 34390590 01 
-. 11 361306 02 
TRW 
.31393594 01 
-. 50236131 01 
-. 11 269261 01 
.91388779 01 
-. 566721 75 01 
.45101990 01 
-. 341 58233 01 
-. 11310181 02 
.48227170 01 
.83100726 02 
-. 35903264 01 
.67271129 01 
.46891113 01 
-. 10782146 02 
-. 11 599506 02 
-. 55672887 01 
-. 47509729 02 
-. 22833198 02 
- .  21219426 03 
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Table 3. J Matrix at One-Half Orbit (Continued) 
~- 
.40452921 00 
-. 32805548 01 
.20343436 01 
-. 16190122 01 
.12261675 01 
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-. 17311958 01 
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Table 6. Additional Comparison: KM Bounded Versus KM Unbounded 
ODP-L ITERATION NO. 5 
(TRW ITERATION NO, 4) 
TRW OBS/TRW PROG. TRW OBS/TRW PROG. LRC OBS/ODP-L FROG. 
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STATION FIRST FIRST FIRST 
RMS MOMENT RMS MOMENT RMS MOMENT - -NO. 
1 1  ,137-01 ,296-02 ,391 02 ,606 01 ,202-04 ,842-07 
42 a205-02 ,164-02 ,121 02 165 00 137-04 ,369-05 
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s 2 2  
S32 
S42 
s 3 3  
s 4 3  
s 4 4  -
Table 3. J Matrix at One-Half Orbit  (Continued) 
LRC 
.26620324 02 
-. 16511482 02 
.13095672 02 
-. 10002956 02 




-. 16497636 02 
.13129480 02 




-. 10451672 02 
,19583060 02 
.13650306 02 
-. 31387523 02 
-. 33766913 02 
0.16206737 02 
-. 13830389 03 
-. 6646891 5 02 
-. 61771 119 03 
c 2 2  
LRC 
.lo241388 02 





-. 81418774 01 
.61662942 01 
.20417305 02 
-. 87060395 01 
-. 15001465 03 
.64813099 01 
-. 12143882 02 




















c 2 1  
C31 
C4 1 














-. 49208804 01 




-. 49073843 01 
-. 16248910 02 
.69286154 01 
,11938767 03 
-. 51580863 01 
.96645889 01 
,67366492 01 
-. 15490302 02 
-. 16664573 02 
-. 79983134 01 
-. 68255433 02 
-. 32803594 02 








-. 52474238 01 
-. 90418892 02 
.39065043 01 
-. 73195280 01 
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C41 






s 2 1  
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s 4 4  






-. 17374820 02 
-. 29938729 03 
.12934882 02 












-. 54247246 01 
.10192901 02 
.70807023 01 
-. 16319541 02 
-. 1754451 1 02 
-. 842708 13 01 
-. 71939211 02 
-. 34565143 02 




-. 55154975 01 
.lo334262 02 
.72034625 01 
- .  14563646 02 
-. 1781 9285 02 
-. 85525277 01 
-. 72984948 02 
































Table 3, J Matrix at One-Half Orbit (Continued) 
LRC 
.22000490 04 
.. 94900687 02 
.17831566 03 
,12387053 03 
=. 28549572 03 
*. 30692548 03 
-. 14742422 03 
-. 12585119 04 
0.60468616 03 




-. 95038096 02 
.17807072 03 
,12412359 03 
-. 28540987 03 
-. 30704591 03 
-. 14736947 03 
-. 12576110 04 






-. 769 17738 01 








-. 76934586 01 
-. 53626994 01 









































-. 23139648 02 
-. 24876546 02 
-. 11948847 02 
-. 10200336' 03 
-. 49010279 02 





-. 23104303 02 
-. 24855769 02 
-. 11929752 02 
-. 10180526 03 
-. 48927658 02 





-. 1607441 8 02 
-. 17280989 02 
-. 83005047 01 
-. 70858668 02 
-. 34045967 02 
-. 31 642384 03 
.70039020 01 
-. 16104776 02 
-. 17325630 02 
-. 83155935 01 
-. 7096301 6 02 
-. 34104859 02 
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c 2 1  
C31 
C41 
c 2 2  
C32 
C42 
c 3 3  
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3.  DIFFERENTIAL CORRECTION COMPARISON 
A four iteration differential correction was performed using ob- 
servations developed separately by TRW and LRC. 
in this section a re  the following: 
The runs compared 
TRW obs/TRW prog, LRC obs/ODP-L prog, LRC obs/TRW prog. 
Each run was made in two par t s  since the ODP-L program could not 
handle the entire solution vector in one run. Table 5a contains the con- 
vergence histories of the three runs listed above for  the solution vector: 
State of Lunar Orbiter 
S21, S31, S41 
S22, S32, S42 
s33,  s43 ,  s44 
c 4 3 ,  c44 
Table 5b contains the convergence histories for the solution vector: 
State of Lunar Orbiter 
KM (lunar gravitational constant) 
520, J30, 540 
C21, C31, C41 
C22, C32, C42 
c 3 3  
A l l  the above runs were ma& with KM unbounded in  the differen- 
tial correction. An additional run was made on the TRW program with 
KM bound (the l u  value of KM was taken as the bound). This =*a is 
compared with both the TRW and ODP-L runs for KM unbounded in 
Table 6, which summarizes  the final iteration of each run. 
The initial conditions used for the differential correction are:  
X = 2324.6446km DX = 0.57912222 km/sec  
Y = 91.169123km DY = 1.3499068 km/sec  
Z = 617.24110 km DZ = .37964166 km/sec  
3 3  
Summary of Results: 
F r o m  Table Sa it is seen that the TRW obs/TRW prog run suc-  
ceeded in recovering the Gouda8 LI coefficients; the LRC obs /ODP -L 
prog run failed to recover the coefficients; and the LRC obs/TRW prog 
run diverged on the final iteration. 
F o r  the solution vector containing K M  (Table 5b), all of the runs 
failed to recover any of the coefficients. 
the TRW runs diverge. The additional comparison in Table 6 shows 
that, when a bound is placed on the correct ion to KM, the TRW obs/ 
TRW prog run converges and recovers the values of KM, J30, C22, 
C32, and C42. 
Because K M  was unbounded, 
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